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INTRODUCTION  
The Andean common bean landrace G19833 (Chaucha Chuga) was recently used to 
obtain the first reference genome of Phaseolus vulgaris (Schmutz et al, 2014). A large quantity 
of sequence information is available for this landrace which includes BAC libraries, cDNA 
libraries, SNP databases, gene expression profiles from various tissues (RNAseq), etc. 
Additionally, G19833 has been used to generate RIL populations for mapping traits such as 
phosphorous acquisition, agronomic performance, and disease resistance. G19833 has also been 
reported as resistant to the anthracnose, angular leaf spot, and Ascochyta blight pathogens and 
susceptible to the bean golden mosaic and bean common mosaic, viruses (Reviewed by 
Broughton et al, 2003). However, little is known about the reaction of G19833 to the bean rust 
pathogen. We report here the reaction of G19833 to a set of 13 races of the rust pathogen, 10 
Mesoamerican and three Andean. Together, these races overcome all known rust resistance 
genes in common bean. Rust resistance in the under-utilized Andean beans lags behind that of 
Mesoamerican beans. The objective of this study was to determine the spectrum of resistance of 
Andean G19833 to 13 different virulent races of the bean rust pathogen. 
 
MATERIALS AND METHODS 
All disease evaluations were conducted under greenhouse conditions using published 
methodologies (Stavely, 1983). Landrace G19833 was inoculated with races 15-1 (41), 6-10 
(44), 15-3 (47), 22-6 (49), 31-1 (53), 31-7 (58), 31-22 (67), 21-0 (72), 73 (6-15), 84 (37-1), 85 
(6-31), 102 (29-0), and 108 (22-52). Rust resistance controls included Pinto 114, Aurora (Ur-3), 
Mexico 235 (Ur-3+), Early Gallatin (Ur-4), Mexico 309 (Ur-5), Golden Gate Wax (Ur-6), Great 
Northern 1140 (Ur-7), Pompadour Checa 50 (Ur-9/Ur-12), PI181996 (Ur-11), Redlands Pioneer 
(Ur-13), Ouro Negro (Ur-14), PI260418 (Ur-Unnamed), and PI310762 (Ur-Unnamed), and 
Compuesto Negro de Chimaltenango, CNC (Ur-Unnamed). Rust phenotypic evaluations were 
conducted twelve days after inoculations. 
 
RESULTS AND DISCUSSION 
The Andean landrace G19833 was resistant to all thirteen diverse races of the rust 
pathogen. The spectrum of resistance of G19833 was broader than all known rust resistance 
genes in common bean, including PI181996 (Ur-11), Ouro Negro (Ur-14), PI260418 (Ur-
Unnamed), and PI310762 (Ur-Unnamed), known to be resistant to all but one race of more than 
80 races of the rust pathogen maintained at ARS-Beltsville (Table 1). Most of these broad 
spectrum resistance genes are of Mesoamerican origin. G19833 was resistant to Mesoamerican 
races 22-52 that overcomes Ur-11 and Ur-14, race 6-31 that overcomes PI310762, races 31-7 
and 31-22 that overcome Ur-3, Ur-4, Ur-5, Ur-6, Ur-7, Ur-9 and Ur-12, and Ur-13, and Andean 
race 37-1, the only race that overcomes PI260418 (Table 1). It is worth noting that the reaction 
of G19833 to all races used in this study was characterized by tiny pustules. No hypersensitive 
response (HR) was observed on G19833 when challenged with the thirteen races reported here 
(Table 1).  
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To our knowledge, this is the first report comparing the reaction of G19833 to that of all 
known rust resistance genes in common bean to 13 Mesoamerican and Andean races of the rust 
pathogen. G19833 was the only bean resistant to all 13 races, suggesting the broad spectrum of 
resistance of this Andean landrace. Elucidation of the genetic basis of bean rust resistance in this 
landrace will be greatly accelerated when the results reported here are combined with the study 
of segregating populations resulting from the inheritance of resistance study G19833, and with 
the abundant genomic resources developed for G19833. 
 
Table 1. Reactions of common bean genotype G19833 and of cultivars with known rust 
resistance genes to 13 races of Uromyces appendiculatus 
Bean 
Genotype 
Ur 
gene 
Races of Uromyces appendiculatus1 
15-1 6-10 15-3 22-6 31-1 31-7 31-22 21-0* 6-15 37-1* 6-31 29-0* 22-52 
G19833  3,f2 3 3,f2 3 3 3 3,f2 3 3 3 3 3,f2 3,f2 
Pinto 114 - 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 
Aurora Ur-3 2++ 4, 5 4, 5 4, 5 2+ 4, 5 5, 4 2 4, 5 2 4, 5 2 2, 2+ 
Mx 235 Ur-3+ 3,f2 4, 5 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 4, 5 3,f2 4, 5 3,f2 3,f2 
E.Gallatin Ur-4 4, 5 2 4, 5 2+ 4, 5 4 4, 5 4,5 2 4, 5 2, 2+ 4, 5 2+ 
Mx 309 Ur-5 3,f2 3,f2 3,f2 4, 5 3,f2 4, 5 4, 5 3,f2 4, 5 3,f2 4, 5 3,f2 4, 5 
G.G. Wax Ur-6 4, 5 2 2+ 4, 5 4, 5 4, 5 4, 5 4, 5 2 2 2 4, 5 4, 5 
G.N. 1140 Ur-7 4, 5 3,f2 4, 5 3,f2 4, 5 4, 5 3,f2 3,f2 4, 5 4, 5 4, 5 3,f2 3,f2 
P.C. 50 Ur-9/12 4, 5 2 4, 5 2 4, 5 4, 5 4, 5 2 2 2 2 4, 5 2 
PI181996 Ur-11 f2 f2, 3 f2 f2 f2 f2, 3 f2 f2 f2 f2 3,f2 f2 4, 5 
R.Pioneer Ur-13 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 4, 5 2 4, 5 2 4, 5 2 4, 5 
O. Negro Ur-14 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 4,5 
PI260418 UNK 3 3 3,f2 3,f2 3,f2 3 3 3,f2 3,f2 4, 5 3 3 3 
PI310762 UNK 3,f2 f2 3,f2 3,f2 3,f2 3,f2 f2, 3 f2 3,f2 3,f2 4,5 f2 3,f2 
CNC UNK 3,f2 3,f2 3,f2 3,f2 3,f2 3,f2 4, 5 3,f2 3,f2 3,f2 4, 5 3,f2 4, 5 
1Name of races of the rust pathogen according to the system adopted in South Africa and their original names in 
parenthesis.*Andean race. UNK = Unnamed Ur gene. Mx = Mexico. G.G.Wax = Golden Gate Wax. P.C. 50 = 
Pompadour Checa 50; G.N. 1140 = Great Northern 1140; R. Pioneer = Redlands Pioneer. CNC = Compuesto Negro 
Chimaltenango. The observed reaction (phenotype) of each common bean cultivar to each of the 13 races of the rust 
pathogen, was annotated using an Standard Bean Rust Grading Scale: HR = Hypersensitive resistant reaction (HR) 
visualized as necrotic spots and annotated as 2; R = Resistant reaction visualized as tiny pustules less than 0.3 mm in 
diameter and annotated as f2,3and 3,f2; S = Susceptible reaction visualized as large pustules from 0.5 to 0.8 mm in 
diameter and annotated as 4, 5, 6 (shown in gray).  
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